Local climatic conditions can influence sea turtle embryonic development and hatchling 24 viability. Therefore, it is crucial to understand these influences as well as potential ramifications 25 to population stability under future climate change. Here, we examined the influences of five 26 climatic variables (air temperature, accumulated and average precipitation, humidity, solar 27 radiation, and wind speed) at different temporal scales on hawksbill sea turtle (Eretmochelys 28 imbricata) hatchling production at ten nesting beaches within two regions of Brazil (five nesting 29 beaches in Rio Grande do Norte and five in Bahia). Air temperature and accumulated 30 precipitation were the main climatic drivers of hawksbill hatching success across Brazil and in 31 Rio Grande do Norte, while air temperature and average precipitation were the main climatic 32 drivers of hatching success at Bahia. Solar radiation was the main climatic driver of emergence 33 rate at both regions. Conservative and extreme climate scenarios show air temperatures are 34 projected to increase, while precipitation projections vary between scenarios and regions 35 throughout the 21 st century. We predicted hatching success of undisturbed nests (no recorded 36 depredation or storm-related impacts) will decrease in Brazil by 2100. This study shows the 37 determining effects of different climate variables and their combinations on an important and 38 critically endangered marine species.
through the year 2100 due to predicted future stabilization of greenhouse gas concentrations.
127 Table 2 . Available nest and climate data between regions.
Rio Grande do Norte months considered (n = 66) Bahia months considered (n = 67) that did not, while emergence rate consisted of the number of hatchlings that emerged from 144 hatched eggs versus those that did not. Corrected Akaike Information Criterion (AICc) was used 145 to identify the best model within each region. Using the best models, hatching success was 146 projected into the future under conservative and extreme climate change scenarios for each 147 region. Emergence rate was not projected due to its potential to be heavily influenced by sand 148 compaction, substrate type, and hatchling performance, which were not measured here [44] . R 149 version 3.4.2 was used for all analyses.
150
The predictor variables used were: average air temperature (temp), accumulated 151 precipitation (acc.rain), average precipitation (avg.rain), average humidity (humid), average solar 152 radiation (rad), and average wind speed (wind). These predictors were explored at various 153 temporal scales: the month nests were laid (0.climate variable), the month nests were laid and 154 one-month prior (0. [15, 28, 38, 45] . Therefore, accumulated precipitation, average precipitation, and humidity 160 predictors were combined with average air temperature during incubation to explore their 161 combined effects on hatchling production. Precipitation projections were presented as mm/day.
162
Therefore, to project accumulated precipitation, these values were converted into mm/month.
163

Results
164
Hatchling production
Hatching success of undisturbed nests laid between 2005 -2016 varied across years, 166 regions and nesting beaches (Table 3) . BA had the highest average hatching success (76.3% ± 167 21.6 SD), while the average at RN was 75.2% ± 22.5 SD (Table 3) . No significant difference 168 was found in hatching success across years between states (ANOVA, F = 2.8, DF = 1, p = 0.09).
169
A significant difference was found in hatching success across years between nesting beaches in 170 RN (ANOVA, F = 12, DF = 4, p < 0.01) and between nesting beaches in BA (ANOVA, F = 171 291.2, DF = 4, p < 0.01) (S2 Table) . In RN, the beach with the highest hatching success was 172 Madeiro (80% ± 19.3 SD), while Chapadao had the lowest (65.4% ± 27.3 SD) ( Fig 2B) . January had the lowest emergence rate in RN (84.8%), while December had the 189 lowest emergence rate in BA (82.1%; Fig 2B) . 190 (October -May) (Fig 3) . RN is the warmest of the two regions being closer to the equator than 201 BA (Fig 3a) . In RN, the warmest month is February (27.64°C ± 0.4), while in BA the warmest 202 month is March (27.35°C ± 0.64) ( Fig 3A) . During February and March, adult females are still 203 nesting in high proportions, but hatchlings are incubating and emerging from nests ( Fig 3A) . The 204 wettest month in both RN and BA is May, with an accumulated precipitation of 200.92 mm ± 205 153 in RN and 190 .35 mm ± 129 in BA ( Fig 3B) . Likewise, May had the highest average 206 precipitation in both RN and BA, with 0.31 mm/day in RN and 0.26 mm/day in BA ( Fig 3C) . In
207
May, there is no nesting in BA and nesting is finishing in RN, but hatchlings are still incubating 208 and emerging ( Fig 3C) . RN has more solar radiation than BA, likely due to its proximity to the 209 equator ( Fig 3D) . The month with the highest average solar radiation in RN is October (1907.7 210 KJ/M 2 ± 198.7), while in BA it is January (1754.2 KJ/M 2 ± 158.2) ( Fig 3D) . In RN, there is no 211 nesting in October, when solar radiation is highest (Fig 3d) . On the other hand, January is when 212 solar radiation and nest proportions are at their highest in BA ( Fig 3D) . BA is more humid than 213 RN and May is the most humid month in both RN (79.2% ± 2.05) and BA (80.3% ± 5) ( Fig 3E) .
214
In May, nesting has ended in BA and is ending in RN, but hatchlings are still incubating and 215 emerging ( Fig 3E) . RN is windier than BA, with October being the windiest month in both RN
216
(5.29 m/s ± 0.5) and BA (1.82 m/s ± 0.34) ( Fig 3F) . There is no nesting in October in RN, while 217 October has the lowest proportion of nests in BA ( Fig 3F) . Table) . This model showed lower hatching success when conditions 230 were warm and dry ( Fig 4A) . For emergence rate throughout Brazil, the model with the lowest 231 AICc and high significance was average solar radiation during incubation (p < 0.001; Fig 4B, S3 232 Table) . Emergence rate decreased with increasing solar radiation ( Fig 4B) .
233
Across RN, the model with the lowest AICc and high significance for hatching success 234 was average air temperature during incubation in combination with average precipitation during 235 the month nests were laid (p < 0.001 for both parameters; Fig 4C, S3 Table) . This model 236 indicated that warmer and drier conditions decreased hatching success ( Fig 4C) . The model with 237 the lowest AICc and high significance for emergence rate across RN was average solar radiation 238 during incubation (p < 0.001) ( Fig 4D, S3 Table) . Here, higher solar radiation decreased 239 emergence rate (Fig 4D) .
240
The model with the lowest AICc and high significance for hatching success across BA 241 was average air temperature during incubation in combination with accumulated precipitation 242 during the month nests are laid and 2 months prior (p < 0.001 for both parameters; Fig 4E, S3 243 Table) . This model indicated that warmer and drier conditions decreased hatching success (Fig   244   4E ). For emergence rate across BA, the model with the lowest AICc and high significance was average solar radiation during incubation (p < 0.001; Fig 4F, S3 Table) . Here, higher solar 246 radiation decreased emergence rate ( Fig 4F) . under RCP8.5 ( Fig 5A) . Average precipitation projections vary throughout the 21 st century, 254 however there is a general increase of 0.11 -1.86 mm/day throughout the nesting season in RN 255 ( Fig 5B) . November is projected to be the wettest month by 2100 under RCP4.5 at 1.03 mm/day 256 and under RCP8.5 at 1.89 mm/day ( Fig 5B) . Air temperatures in BA are projected to increase 257 throughout the nesting season by 1.8 -5°C with March being the warmest month under RCP4.5 258 at 29.3°C, but the warmest month under RCP8.5 is projected to be January at 32°C ( Fig 5C) .
259
Accumulated precipitation is projected to vary, but there is a general increase of 0.9 -22.3 mm 260 throughout the nesting season in BA ( Fig 5D) . May is projected to be the wettest month by 2100 261 under RCP4.5 at 185.7 mm and under RCP8.5 at 180.1 mm ( Fig 5D) . for hawksbills in RN occurs between November -May, while in BA it is October -April.
268
Hatching success projections 269 We used the best fit models describing hatching success at RN (air temperature during 270 incubation in combination with average precipitation during the month nests were laid) and BA
271
(air temperature during incubation in combination with accumulated precipitation during the 272 month nests were laid and two months prior) as well as our climate deltas to project hatching 273 success throughout the 21 st century. Our models predicted average hatching success to decrease 274 in both RN and BA thought the 21 st century. By 2100, hatching success in RN is projected to 275 decrease from an average across the study period of 75.2% to 72.6% under RCP4.5 and to 70.9% 276 under RCP8.5 ( Fig 6A) . Hatching success in BA is projected to decrease from an average across 277 the study period of 76.3% to 65.1% under RCP4.5 and 69.6% under RCP8.5 ( Fig 6B) . Bahia. Across all regions, higher hatching success was observed in cooler and wetter conditions.
289
A positive influence of precipitation on hatching success was found across Brazil and within 290 both regions, which may be a reflection of an absence of adequate moisture levels at these 291 nesting grounds, where most of the nesting (January to March) occurs during the drier months of 292 the season [38, 45] . Consequently, projections show a lower decrease in hatching success under 293 the more extreme climate change scenario, RCP8.5, as it projects higher increases in 294 precipitation when compared to the conservative scenario (RCP4.5). Wetter, more moist 295 conditions may offset increases in temperature maintaining cooler sand temperatures [15, [46] [47] [48] .
296
However, as climate change progresses and conditions become wetter, there is a potential for 297 further reductions in hatchling production, since very wet conditions can result in soil saturation 298 or a rise of the water table level displacing air between sand particles, suffocating embryos and 299 resulting in clutch failure [28, 49, 50] . This is the case for loggerhead turtles in Brazil, where a 300 negative effect of precipitation on loggerhead hatching success was found for nesting beaches in 
